Experimental
Materials: Triethylaluminum (ABCR, CAS no. 97-93-8), n-butyllithium (Acros, CAS no. 109-72-8) and borane dimethylsulfide complex (Sigma-Aldrich, CAS no. 13292-87-0) were used as purchased without prior purification, whereas difluorophosphoric acid (ChemPur, CAS no. 13779-41-4) was distilled from P2O5 1 and boron tribromide (VWR/Merck, CAS no. 10294-33-4) was purified by distillation as well.
General Procedures: All reactions and other manipulations were carried out using standard Schlenk techniques in an inert gas atmosphere of argon or were executed in an argon-filled JACOMEX GPT4
glove box with water and oxygen contents of below 2 ppm. The water content of reactants and solvents was routinely checked by Karl-Fischer titration with a SCHOTT Instruments TitroLine KF trace titrator.
Solvents with elevated water content were dried using standard drying agents (CaH2, P2O5) and were subsequently distilled into airtight vessels. Battery electrolyte solvents were used as provided by BASF SE with water contents below 20 ppm. NMR spectroscopic measurements: The NMR spectra were recorded at room temperature on a Bruker Avance II WB 400 MHz and a Bruker Avance DPX 200 MHz NMR spectrometer using the software package Bruker Topspin 2.1 for analysis. Samples in deuterated solvents were prepared in 5 mm NMR tubes, whereas samples of neat liquid compounds or in non- ). The spectra were recorded in the range of 375 -4000 cm -1 and analyzed with the OPUS software package. Cyclic voltammetry: The cyclic voltammograms were recorded using an Autolab PGSTAT101 potentiostat by Metrohm in an argonfilled glove box with a three-electrode setup of the electrochemical cell. The working electrode was composed of platinum or aluminum, while counter and reference electrode were built up of lithium metal. For the analysis of the measured spectra, the software package NOVA 1.8 was used. Single crystal X-ray analysis: The crystallographic measurements were executed on a Bruker SMART APEX2 diffractometer with CCD area detector, D8 goniometer and Incoatec Mo-Microsource with Mo-Kα radiation (λ = 0.71073 Å). The single crystals were coated with perfluoroether oil and mounted on a 0.2 mm Micromount. The intensities of the reflexes were integrated from several series of exposure.
Absorption corrections were applied based on multiple, symmetry-equivalent measurements. 6, 7, 9 were employed in combination with the basis sets SV(P) [10] [11] [12] and TZVP(P) [10] [11] [12] . The geometries of the calculated molecules were optimized in the highest possible point group and frequency analyses for the calculation of vibrational frequencies and zero point energies were executed with the program AOFORCE 13 . To ensure the existence of an absolute minimum on the potential energy hypersurface, the absence of imaginary vibrational frequencies was verified. With the available information on position and intensity of the calculated frequencies, a simulation of the vibrational spectra of the calculated compounds was carried out by superposition of Gaussian functions. The calculation of enthalpies of solvation for different solvents was executed with the COSMO 14 module using the calculations at PBE0/TZVP(P)-level. Thermal contributions to the enthalpy and free energy of the systems were calculated with the FREEH application based on the analysis of the vibrations. The mapping of electrostatic potentials on isosurfaces of the total electron density was performed with the gOpenmol 15 program.
Synthesis of Li3[Al(O2PF2)6]:
Triethylaluminum (10 mmol, 1.0 eq, 1.4 mL) was diluted in pentane (200 mL) and cooled to 0 °C. At this temperature, n-butyllithium (1.6 mol·L -1 in hexane, 10 mmol, 1.0 eq, 6.3 mL) was added dropwise over one hour and the reaction mixture was stirred for four hours.
After cooling to -78 °C, difluorophosphoric acid (40 mmol, 4.0 eq, 2.6 mL) was added slowly causing a generation of gas. The reaction vessel was heated to room temperature overnight and the solvent was removed subsequently under vacuum. The reaction yielded 4.03 g of a white powder (92 %). Al-NMR (104.27°MHz, in DMC, external toluene-d8 lock, 298 K): δ = -18.1 ppm (s). Table 2 in the underlying publication.
Synthesis of Al(O2PF2)3:
Triethylaluminum (5 mmol, 1.0 eq, 0.7 mL) was diluted in fluorobenzene (80 mL), cooled to -10 °C and difluorophosphoric acid (15 mmol, 3.0 eq, 1.0 mL) was added dropwise at this temperature, resulting in a generation of gas and white precipitate. After stirring at room temperature overnight, the solid was filtered, washed with pentane and dried under vacuum. The product was obtained as a white powder (1.59 g) in a yield of 96 %. IR Data are included with Table 2 in the underlying publication. 
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Synthesis of H[B(O2PF2)4]:
Boron tribromide (30 mmol, 1.0 eq, 2.9 mL) was diluted in o-difluorobenzene (50 mL) and cooled to 0 °C. At this temperature, difluorophosphoric acid (120 mmol, 4.0 eq, 7.7 mL) was added dropwise causing an intense generation of gas and an opacification of the reaction mixture. Upon the addition of the acid, a formation of a two-phase system was observed that was stirred at room temperature for 4 h until the generation of gas ceased. Finally, the o-difluorobenzene was evaporated and the product was purified under vacuum. 12.1 g of a slightly brownish liquid was obtained (97 %). 3. MAS-NMR spectra of Al(O2PF2)3 5. IR spectrum of Al(O2PF2)3 
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NMR spectra of Li[B(O2PF2)4] starting from [H(S(CH3)2][B(O2PF2)4]
Synthesis of Li[B(O2PF2)4] starting from [H(S(CH3)2)][B(O2PF2)4]:
The protonated thioether in hexane, 5mmol, 1.0 eq, 3.1 mL) at a temperature of 0 °C in dichloromethane. A vigorous generation of gas and an opacification of the reaction mixture were observed. Upon completion of the reaction after four hours, the solvent was evaporated under vacuum and the product was obtained as a white solid (yield: 92 %). (5 mmol, 1.0 eq, 2.1 g) was added dropwise. The reaction mixture was stirred overnight and the solvent and the byproduct difluorophosphoric acid were removed via cannula. The white product (2.0 g, 95 %)
was washed three times with dichloromethane (15 ml) and dried under vacuum at 40 °C. 
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